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DEVICES AND 



METHODS FOR VAGUS NERVE STIMULATION 



Technical inveniion . , ppanmis „„d methods for 

.lectnca.ly-mduced and pharmaceniicaHy protonged cardiac V* 
pLn, invention is use*, for conning hear, beau and escape *- 
during c.rd,ac surgery. The present in.en.ion is pan.cu.ar y «*^™» 
coronary hy-pass surgery -hen aoas.om.Uc formation , readdy d,srup.ed hy 
beating heart. 
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Background at Ibe Invention 

Crdiopoln.on.ry bypass (CPB) and chem.cal aacs. us.ng 
cardiopiegic so.otions have tradrt.onaHy provided surgeon with j-J 
operauvc conditions: hemodynamic con.ro. » d ^*^^J^XdTc 
rl has confuted to technica. success in .ncreas.ng.y comp.. 
urgica. operations. However, .here has been recen. in.eres, ,o pe— 
olary artery bypass surgery without either cardiopu.monary bypass or 

The Jity o, the d.sta. anastomoses ,s a 
c„di7c surgeons who observe and perform coronary artery hyp. «j» 

AlZgh the benefit, of avoiding extra-corporea. circu.ation and 
Loptegia in beating heart procedures are important, they do no. ou.wetgb the 
performance of optimal coronary anastomoses. 

The key difference in the anastomotic results between 
convenuona. CABO and off-pump CABC (OPCAB, is 
e.ec,,ve a S ysto.e during conation of the disU. anastomoses ■ 
, can be minim.zed during OPCAB procedures by tnducng J™*^'' 
bra dycard„ by admimstenng beta adrenerg.c receptor b.ockcrs and mochamcal 
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operative CM.di.ions «hey only approbate the advance 
that eao be achieved with CPB aod cafdioplej... ^ 
A state of Controlled Imemuoem Asystole (CIA) P 
.ntervals or card.ac ..uieseence to « 

technic* inwove, the prae.sion of. roronary £ whi)c jncressing 

be performed on a beating hear, aod may reduce fey 
ease of opetat.on. as described .n apphcat.on WO99099 "~ 

--^;;^ aA can ta achie «d - — 

„ gus oetve — coopled ^^^^LZ. 
15 impuls es andpharmaco.ogic.. incon>orale a heroin by 

reference in >is enureiy. thai e.e« ^vicholmcstcnise mh.b.tor. 

*~~<^~~~r£?+-* «— o, 

20 combinations thereof. What .s requ.reo. 

apparatus tha, wiU P~v.de optima, e.ectnca. po!*, «■« 
Tdiac arrest The intermittent cardtac ^ ^ afe „„, 

dura Uon to a..ow precise performance of surg.ca P ooedu ^ 
tersely in.ern.pted by escape beau breafcmg through £° 
2S quired are electrostimulation devices d* ^ ,«n- neive 
optima, position of an electrode or ser.es « 
,o induce asys.o.e. What is further tequned « mea^d a 
Ce elecric pu.se to the nerve, cither d.rcct.y « — j£ s(imulatl0I> on 
pharmaceutical composition to potenuate the .«« o g ^ 
,o the heart rate, and prolong the period of asystole, thereby 

The present .nvention introduces apparatus, ac 
a 1 a,w...a..o W mea A .ech niq ue,obe performed wrthease and prec,s,on. 
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Any discussion of documents, acts, materials, devices, articles or the like 
which has been included in the present specification is solely for the purpose of 
providing a context for the present invention. It is not to be taken as an admission that 
any or all of these matters form part of the prior an base or were common general 
knowledge in the field relevant to the present invention as it existed before the pnonty 
date of each claim of this application. 
Summary ° f ,he Inveotion 

In a first aspect, the present invention provides a catheter device for delivering 
an electric pulse to a nerve, comprising a distal region and a proximal region, said 
distal region having a plurality of electrically independent expandable electrodes and 
an electrode expanding means, said proximal region having an electrical connecting 
means for applying an electric pulse to the expandable electrodes. 

In a second aspect, the present invention provides an endotracheal tube 
electrode device comprising an endotracheal tube having an inflatable means of 
expanding an electrode, and a plurality of electrically independent electrodes thereon 
so that each electrode contacts the tracheal wall when the means of expanding an 
electrode is inflated, and wherein the electrodes have means for connect.on to an 

electrical pulsing means. 

In a third aspect, the present invention provides an endotracheal tube electrode 
device comprising an endotracheal tube having a plurality of electrically independent 
electrodes thereon, so that each electrode contacts the tracheal wall when expanded, 
and wherein the electrodes have means for connection to an electrical pulsing means. 

In a fourth aspect, the present invention provides an nasogastric tube electrode 
device comprising a nasogastnc rube having a plurality of electrically independent 
expandable electrode thereon, so that each electrode contacts a pharyngeal, 
esophageal, or gastric inner surface when the electrodes are expanded, and wherein 
the electrodes have means for connection to an electrical pulsing means. 

In a fifth aspect, the present invention provides a nasogastric tube electrode 
comprising a nasogastric tube having an inflatable means of expanding a plurality of 
electrically independent expandable electrodes attached to an inflatable collar so that 
when the collar is inflated, the electrodes contact an inner surface of an esophagus, 
and a means of supplying an electric pulse to the electrodes. 

Throughout this specification the word "comprise", or variations such as 
■comprises" or "comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion 
of any other element, integer or step, or group of elements, integers or steps. 
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The present invention solves the problems described above by 
providing a convenient apparatus for the application of an electrical pulse to the 
vagus nerve so as to arrest the heart beat in preparation for diagnostic or 

5 therapeutic medical or surgical procedures such as cardtac surgery. The 
apparatus directs an electrical pulse of optimized intensity and duration at a 
selected position along the nerve, and thereby induces cardiac quiescence. 
Spontaneous escape from asystole is prevented pharmacologically. The present 
invention, therefore, provides the apparatus and methods for the cardiac surgeon 

10 to induce a state of Controlled Intermittent Asystole (CIA), thereby greatly 
easing bypass surgery, significantly improving surgical quality and patient 
outcome. 

The apparatus of the present invention allows the determination of 
the optimum location for an electrode to apply an electric stimulus to the vagus 
15 nerve. The apparatus correlates the response of the heart to the electrical pulse 
and modifies the stimulus to achieve suppression of the heart beat and then 
administers an optimized electric pulse to the vagus nerve. Both for safety and to 
deliberately terminate asystole once the surgical procedure in the heart is 
completed, the apparatus includes a cardiac pacer to stimulate the heart to escape 
20 asystole when this is desired 

The apparatus includes a multi-channel output means with at least 
one electrode linked to an electric pulse generator, and which will direct the 
electric pulse to the vagus nerve with efficiency and with minimal damage to the 
neural tissue. The electrodes are adjustable as to where they may be placed 
25 relative to the vagus nerve and offer various degrees of invasiveness. The 
electrodes of the present invention offer adaptability to the needs of the surgeon, 
variations in patient anatomy or physiology and the requirements of the cardiac 
surgical procedures being employed 

Accordingly, a preferred aim of the present invention is to provide an 
30 apparatus that will permit the surgeon to apply a selected electric pulse stimulus to the 
vagus nerve so that asystole will be induced. 

It is a further preferred aim of the present invention to provide an apparatus 
that optimizes the electrical stimulus to the vagus nerve. 

It is yet a further preferred aim of the present inventing to provide electrodes 
35 for the direct or indirect application of an electrical stimulus to the | 
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vagus nerve that minimizes damage to tissue while allowing the surgeon to 

determine the optimal location for the electrode. 

Yet another preferred aim of the present invention is to provide methods 

for the administering of an electrical stimulus to the vagus nerve ana a 
5 pharmaceutical composition that will result in Controlled Imetmittenl Asystole. 

An advantage of the present invention is that it offers the surgeon 

an apparatus that integrates the means to electrically stimulate the vagus nerve 

with the means to determine whether the heart beat is suppressed and will 

automatically determine the optimum stimulation to the nerve. 
10 Another advantage of the present invention is the induction of a 

readily regulated and reliable state of asystole, greatly easing cardiac surgical 

procedures and comfort to the patient 

These and other features and advantages of the invention 

and preferred embodiments of the present invention will become apparent from 
15 the detailed description that follows. 

Brief Description of the Drawings 

Figure 1 is a schematic arrangement of the vagus nerve stimulator. All of 
20 the components of the stimulator are shown as separate entities although it is 
envisaged that the interrogator, logic circuitry, the pulse generator, the cardiac 
monitor and the cardiac pacer could be incorporated and integrated electrically 
and electronically as a single unit m any combination. 

Figure 2A shows a longitudinal section through an embodiment of the 
25 catheter wire or basket electrode device. Figure 2B shows a transverse section 
through the catheter device at the plane A-A' of Figure 2A. 

Figure 3 shows embodiments of catheter wire or basket electrode devices. 
Figure 3A shows a wire electrode. Figure 3B shows a wire electrode with 
arcuate ribs. Figure 3C shows a wire or basket electrode with circuraferentially 
30 arranged electrodes disposed on longitudinal non-conductive ribs. Figure 3D 
shows a helical wire electrode. Figure 3E shows a wire electrode wherein the 
expansion means is shape memory. 

Figure 4 shows embodiments of the inflatable balloon electrode device. 
Figure 4 A shows a balloon electrode with longitudinal electrodes. Figure 4B 
35 shows a balloon electrode with circumferential I y arranged electrodes. Figure 4C 
shows a balloon electrode with a helical electrode. Figure 4D shows a balloon 

4 
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electrode tvith a longitudinal electrode disposed on a longitudinal raised ridge. 
Figure 4E shows a transverse section through the embodiment of Figure 40 at the 
plane B-B\ Figure 4F shows a balloon electrode with longitudinal electrodes not 
fixed to the surface of the ballooo and united by a wire yoke. 

Figures 5A and B show longitudinal sections through a catheter umbrella 
electrode device. 

Figures 6A-D show embodiments of the clip electrode device. 
Figure 7A shows a wire mesh neural electrode. Figure 7B shows cuff 
neural electrode conforming to the shape of the nerve. Figure 7C shows a 
transverse section through the cufT electrode at plane CC. Figure 7D shows a 
cuff neural electrode with two separate electrodes. 

Figure 8A shows a pad embodiment of cutaneous electrode array. Figure 
8B shows a pad electrode with traversing hole to surround the neck. Figure 8C 
shows an electrode with traversing bole to surround the neck. Figure 8D shows a 
cutaneous electrode in a necklace configuration. Figure 8E shows a cutaneous 
electrode in a turtlencck configuration. 

Figure 9A shows a tube balloon electrode device for insertion into ihc 
trachea or esophagus. Figure 9B shows a rube umbrella electrode device. Figure 
9C shows an alternate electrode device of the present invention. 



Detailed Description and Preferred Embodiments 

The present invention provides devices and methods for achieving 
25 Controlled Intermittent Asystole by means of vagus nerve stimulation. While the 
purpose of the devices is for achieving Controlled Intermittent Asystole status by 
means of vagus nerve stimulation, the devices are noi limited thereto, and it wtll 
be recognized that various embodiments of the invention can be used to facilitate 
other medical or surgical procedures. 
50 The present invention provides apparatus for the regulated 

electrostimulation of the vagus nerve to induce a stale of asystole. The 
embodiments of the vagal nerve stimulator apparatus also include electrodes, 
catheters and electrode catheters suitable for applying a selected electrical pulse 
to the vagus nerve for ihe purpose of controlling cardiac rhythm. The apparatus 
35 include a pulse generator, a cardiac pacer and a cardiac monitoring means. The 
apparatus further comprises interrogative electronic circuitry and computer 

5 
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readable software imended that wiil aliow ihc apparatus to determine the optimal 
position of an electrode for the delivery of an effective amount of neural 
electrostimulation .0 arrest the beating heart. The apparatus of the present 
invention also includes a cardiac stimulator and control circulatory and sw,tches 

S to revive ihe heart. 

The present invention also provides methods for the induction of 
Controlled Intermittent Asystole (CIA) by means of the co-administration of an 
effective amount of a pharmaceutical composition comprising an 
acetylcholinesterase inhibitor, a beta-adrenergic blocker and a calcum channel 

,0 blocker and the electrostimulatory impulse thai will arrest cardiac activity. 

DcFinitioni 

The term "electrode" is used herein lo mean any conductor used to 
cstabl.sh electrical contact with an area of o human. Said area may be. but is not 
,5 limited to. the surface of the skin, the interior surface of a blood vessel, the 
gerontological tract, the respiratory tract, or any other internal or external 

surface of the anatomy. 

The term "cardiac monitoring means" is used herein to mean any 
device that will measure the frequency or amplitude of the output of the heart. 
20 The output parameters include, but are not limited to. the electrical output of the 
heart the pulse strength or its frequency, or systolic or diastolic blood pressure. 
The "cardiac monitoring means" can be, but is not limited to, an 
electrocardiograph, a sphyngomctcr, a pulse detector or any other mechanical, 
electric or electronic device known to one of skill in the art that w,H detect 
25 cardiac activity and translate said activity measurement to an electrical signal 

The term 'cardiac pacer" is used herein to mean any device that 
will induce the heart to beat in a regular or intermittent manner. 

Thc term "electric pulse" is used herein, but is noi limited to. a 
unipolar or bipolar pulse, wherein the unipolar pulse is between a single electrode 
30 implanted in. or s.tuated on, a patient, and an electrode electrically connected to 
the ground and wherein the bipolar pulse is between at least a pair of electrodes 
in or on the patient, with no electrode being directly grounded. 

The terms "electric pulse generator" and "pulse generator" ore 
used herein to mean any device or device* that will deliver an electric pulse of 
35 preselected frequency and amplitude. The device will include electronic circuitry 
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electrically linked 10 variable swiich means to regulate output voltage, frequency 
and amplitude of the current supplied. 

The term "means of supplying an electric pulse" is used herein to 
mean, but is not limited to an electrically conductive wire, strip or other means 
known to one of skill in the art. that is electrically connected at one end to a 
source of electricity and at the other end to the site of delivery of the electricity, 
such as, but not limited to, an electrode. 

The terms "interrogator", 'interrogative device" or "interrogative 
circuitry" arc used herein to mean any computer or electronic circuitry or device, 
including computer readable sofrware. that will receive the signal for a cardiac 
monitoring means and adjust the electric pulse delivered by the pulse generator 
until the cardiac activity is temporarily, substantially or completely eliminated. 
The "interrogator" will also include circuitry to sequentially assign an output 
pulse from the pulse generator to at least one electrode of a plurality of 
electrodes. The interrogator also includes a logic circuit wherein it may integrate 
the cardiac monitoring means outpuu the pulse generator and the selected 
electrode. The pacer also, but not necessarily is electrically linked to the 
interrogator. The interrogator may be microprocessor based and include software 
to compare the signal from a cardiac monitoring means and regulate the output of 
the pulse generator and the cardiac pacer. 

The term "catheter" is used herein to mean any rube device that 
can be introduced into the body of a patient or animal through an orifice or 
incision thereof. The device includes, but is not limited to, an intravascular 
catheter, a tracheal catheter or tube, a nasogastric or esophageal tube or catheter 
or any other tube device that may be introduced into a human or animal. 

The term "manual switch" or "manually operable switch" is used 
herein to mean any switch device operable by foot, hand, voice, or any other 
means available to the surgeon during the course of surgery and that will override 
or supplement on automatic swiich means such as but not limited to that provides 
by the interrogator unit. 

Pharmaceutical Compositions 

The terms "pharmaceutical Controlled Intermittent Asystole 
composition" or "CIA composition" are used herein to include, but are not 
limited to. pharmaceutical compositions capable of prolonging a state of cardiac 
asystole. The pharmaceutical compositions comprise an acetylcholinesterase 
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inhibitor selected from, but not limited to, donepczil hydrochloride, tacrine 
hydrochloride, pyridostigmine bromide, neostigmine melhylsulfatc. cdrophomum 
chloride, physostigmine salicylate, a 0-adrenegtc. receptor inhibitor selected 
from, but not limited to. sotalol hydrochloride, timolol malcate, esmotol 
hydrochloride, cartcolol hydrochloride, propranolol hydrochloride, betaxolol 
hydrochloride, penbutoloi sulfate, metoprolol tartrate, accbutolol hydrochloride, 
atenolol, meioprolol succinate, bisoprolol fumaratc, and a calcium channel 
blocker selected from, but not limited to. nifedipine, verapamil hydrochloride, 
nicardipine hydrochloride, diltiazero hydrochloride, isradipine. mmodipinc. 
amlodipine besylatc. fclodipine. nifedipine, nisoldipine. and bepridil 
hydrochloride. In a preferred embodiment, the composition comprises an 
acetylcholinesterase inhibitor, a beta-adrenergic receptor inhibitor and a calcium 
channel blocker. In a more preferred embodiment of the present invention the 
composition comprises between about 0.1 mgflcg body weight to about 100 
mg/kg body weight of pyridostigmine. 0.01 mg/kg body weight to about 100 
mg/kg body weight of propanolol hydrochloride and between 0.001 mg/kg body 
weight and 1.0 mg/kg body weight of verapamil hydrochloride. Most preferably 
the pharmaceutical composition comprises 500 Mg*g body weight of 
pyridostigmine, 80 ng/kg body weight of propanolol hydrochloride and 50 ug/kg 
body weight of verapamil hydrochloride. 

The preferred method of administering the CIA composition to 
achieve CIA is as a slow bolus delivered intravenously over a 1-10 minute 
period. The CIA composition is given to establish a pharmacological 
background state in which subsequent vagus nerve electrostimulation causes 
CIA. The CIA composition may be maintained at effective blood concentrations 
in a human patient by slow continuous or intermittent infusion. Repeated bolus 
administration may be necessary in some patients. The effects of the CIA 
composition may be reversed chemically if necessary by intravenous 
administration of a drug chosen from, but not limited to. atropine sulfate, 
isoproterenol hydrochloride, and epinephrine hydrochloride. 

Abbreviations 

The following abbreviations are used in this description. CIA 
designates Controlled Intermittent Asystole. CABG designates Coronary Artery 
Bypass Grafting. CPB designates Cardiopulmonary Bypass. OPCAB designates 
Off Pomp Coronary Artery Bypass Grafting, or coronary grafting without the use 
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of cardiopulmonary bypass, synonymous wilh beulin* heart bypass surgery. 
M1DCAB des.gnates Minimally Invasive Direct Coronary Artery Bypass 
Grafting an off-pump grafting procedure, typically performed through o left 
thoracotomy. E-CABG designates Endoscopic Coronary Artery Bypass 
Grafting, i.e. CABG performed using endoscopic instruments inserted through 
small intercostal .ncis.ons. and in the absence of a sternotomy or formal 
thoracotomy. All embodiments of the invention may be used with pump-ass.sted 
or entirely off-pump procedures. 

Controlled intermittent asystole can be achieved by potentiation of 
vagal induced bradycardia by means of a pharmacological combination. The 
chronotropic effect of vagal nerve stimulation in the absence of pharmacological 
potentiation includes a very brief initial pause followed by "vagal escape" beats 
and transient bradycardia. Vagus nerve stimulation alone does not produce 
controlled asystole. On the other hand, increased acetylcholine activity resulting 
from acetylcholinesterase inhibition, the prevention of electromechanical escape 
from asystole by beta-adrenergic receptor and calcium channel blockade, and the 
application of simultaneous vagal stimulation produces a marked potentiation of 
vagal-induced asystole, and a means of achieving Controlled Intermittent 
Asystole (CIA). CIA can. therefore, be reproducibly achieved for prolonged 
periods, or for multiple shorter sequential intervals selected as appropriate for the 
construction of coronary anastomoses, or other medical or surgical purposes. 

It has unexpectedly been found that stimulation of the right vagus 
nerve combined with administration of the preferred pharmacological 
composition results in prolonged asystole. While electrical stimulation of the 
right vagus nerve is preferred, electrostimulation may also be effectively applied 
,o the left vagus nerve or to both nerves simultaneously or sequentially. The site 
of nerve stimulation can be. but not necessarily, in the neck. 

The preferred indirect method and site of stimulation of the vagus 
nerve is by means of a percutaneous catheter or electrode probe implanted in the 
internal jugular vein, trachea, esophagus, or a combination thereof. Other 
preferred locations for vagus nerve stimulation include, but are not limited to, of 
the nghl or left vagus nerve or both. The nerve may be stimulated by unipolar 
excitation, wherein the ground electrode is located al the skin surface, or by 
direct or indirect b.polar excitation. An internal jugular vein stimulating elecirode 
35 device can be introduced through the sternotomy via the right atrium, the right 
atrial appendage, the inferior vena cava or the superior vena cava. It can be 
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associa.cd with a How-through cannula, tor .he purpose of admio.suatmg Outd* 
or drugs. A stimula.tng decode may also be p.accd in d.rect contact with .he 
vagus nerve by thoracoscopy, thoracotomy or sternotomy and during the course 
of open-ches. thoracic surgery. The present invention conuanpU.es .he use of 
any of the presendy described devices with the methods for achieving controlled 
i„,«nmt«en, asys.o.e. inc.ud.ng the use of pharmaceutic.! composi.ions fo, 

achieving the same 

The present inven.ion contemplate* implantable catheters hnvtng a 
polity of electrodes. An e.ectnc pulse can be sen. to a single deem* or to a, 
.east .wo decodes randomly or non-random.y selected, either manually or 
electrically, by an interrogator device. The interrogator device will measure 
cardiac outpu. and determine cardiac activUy as . function of the e.ccuode or 
electrode* used. A plurality of electrodes on an intravascular catheter mil allow 
,he surgeon to determine which decuode or electrodes stimulate the vagus nerve 
.o achieve maximum suppression ol cardiac acfivi.y. 

While .he op.imal number of wires can varv depend.ng upon .he 
c.reumstances. four. eigh. or twelve wires per basket provide symmetry. Each 
wire ,s an independent decuode. electrically exposed only on its ou«er scrv.ee a, 
,he poin, where it makes contact wi.h Ute wall of .he in.ental jugular ve.n, 
, trachea, or esophagus. The electrodes may be se.f-e.panding or reVactable as a 
group when .he device is deployed. 

" ' The vagus nerve can be s.imulated in a unipolar or bipolar 

fashion. An array of electrodes in the form of a basket, balloon or umbrella 
device can be used to simulate the vagus nerve between a chosen electrode nb 

s ami a separate ground, or between .wo chosen decode ribs on .he same dev.ee. 
This applies the basket, balloon or umbrella devices, whether wi.h stnps of fori, 
vrires or umbrella t,p decodes, and regardless of whether .he strip or w.rc 
decodes are oriented longttudinal.y. uansve.sely or spirally. For umpolar 
«ci«ation. .he ground can be an adhesive pad fixed .o .he pane's sk.n. Cher 

i0 overlaying the vagus nerve or placed elsewhere. 

The vagus nerve may be most effectively and easily simulated 
with a single basket or balloon or steeple wire device in the interna, jugular 
vein esophagus or .rachca. Alternatively, a bipolar electric Held may be used 
tha, is preferab.y. but not limited to. between decodes on individual dev.ces ,„ 

„ separate anatomical secures. For examp.e. a balloon, basket or umbrd.a 
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ca.hc.er may be in the imema! jugular vein. .„k 
baUoon. baske. or umbrel.a in .he uachc* or in .he esophagus- 

Endo-rache*. and endoescphagea! balloons, umtoellas or baske. 
elec ,rodes can be fined on aanda.d cndo.rachcai or oasogas.ric.ubes and 
elec " ,„ d- balloon device, clec.ric.lly conducive efec.mdes can be 

Each .ndependen. decide is an opUon recognized by a log.c and con.ro 
."orn muhi-channe, con.ro, box device, .0 «. case of capers tan* 
baske, or umorel.a decodes, .wo decodes on ca.hctcrs ,„ d.sun 
„ .trucks can be .nfla.ed or depioyed adjaccn, .o each o.hcr. T*s 

15 InC^i genOy p.ace .be vagus nerve be.^0 rwoe.ec^e s,ps. and 

indcp endc«. suips of . s,n B .c Cheer device in a sing.e anatomic ~ «* 
20 : Tno. l ind.e P d.o..bein.em. Ij ug U .arvein. A— e^ 
indwdu a. pauen, variabiU.y. i. may be ma, ophmal pac.ng .s ach,eved be.ween 
Z« on .1 differen. ca.be.er dev.ces. each in a differ** ana.oouc,l secure, 
^b prl .oca.ions for .he decodes wou,d inciude. bu, is no. Urnned .o. «. 
u ;,a P r vein and esophagus, jogu.ar vein and .racbea or .he e M p^ a d 
I5 rachea In each of .bese embodiment .he ca.he.er dev.ces are preferably 
Z oned b Y .be surgeon foUowing ul.rasound guidance, direc. palpa-.o . 
"elTln s 0, ca.he.er mserfion leng.h. or any combina.ion hereof. 
pZZ and echocardiography a„ abema.ive .echno.og.es .ha. can be 

^^^Z^ , applied ^ccdy , a surg-cany 
exposed vagus nerve. Tboroscopy. .ho,aco.omy. or s,emo.omy can access .he 
Z Llf The presen. inven.ion provides e.ec.rode dev.ee, .ha. may be 
d I . a c Jd .0 he v, g us nerve wi.h gready reduced mechanic* damage ,o 
I n u« TsTue. "Hns represenU a significan. advanuge since reposi.,on,ng o 
J5 2 and .herefore ,-pea.ed c.ampin B .o .he nerve may be necessar, .o 

dc.rn.ne ,heop,in».m location fore.eetrica, induction of asys.o.e. 
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cli p mean, that earries a, leas, one ^ ^ sol£ly an electrode means 
partially envelopes *e nerve. The cuff may »P ^ T»c 

L L a. lea« one elect-de .ha. is h ' shiped t0 

decodes are comprised of ma.ena. .ha. .s compress* 

avo-drndcnungorcrtrshrngmcncuralussue^ can 
A" entirely eu.aneous ana o ^ 

lhe vagus nerve. Such an array can cons, of . b*«* cach 
, p, a wilh from . ro abou. .00 elec.ncal.y - JJ^J^ cnneCor 

Lared from .he omen and e,ec« conn-u-* am ^ ^ 

or hub . A single selected decode Hon . - otfKr 

emulation. Actively. *ey may be employed P^ eleetro dc 

e.ec.rode combiuarion,. or in comb.nauon fot bipo.ar 

, 5 posWoned .n .he .n.ema. .ugu.ar ve,n. trachea or es p g 

— The methods of rhe presen. ; i— anelecrrude ,a 

va gus nerve and .hereby apply an — ~-" " 
cud.acouiesce^e. ^ electee dev.ee may be repo ^ n ^ 

20 . more advantageous — ^£ ^ ^ may transm,, an 
AHcmalively. one or more of .he decodes ^ ^ 

electric pulse to the nerve. ^ ^^ Lb.ch erodes. The 
ac.erm.ne .he ^^\^ ^ mm ^ administering a 
me .hod of the presen. .nvent.on W,U /^^f^asysrole. 
P^^^^ZZl Zll^ heart renter 

TOS wi^-e - = - ; $u ; iMi ^ ^ „ 

brachycardia or full beat wraic in cor0 nary artery- 

, he scope .hereof. On the contrary. .. .s «o be c^fy hereof. 
bc hi d .o various other embodiments (Q lhose 

whi ch. after reading *e description herem ^ «^*^ ^ 
skl „ed in Ore art widrout departing from Ore spmt of the presc 
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channel negator dcv.ce box ,0 ^ ^ ^0, c.ccWcpa-.o 
, ogic and control software to mtenog.tc ^ c deyi « ieceives 

(he vagus nerve "blindly" and ""^"^ „ opcrably connect «o a 
census input from a * — ^« „ J„ ^ the induced 
patient by » connection means II t0 , palt icular electee 

cardiac response resuhing from an eleven-* app ^ ^ 3 , 

M pai, M ^u.en.Asysto.e. Thus. 

are the most effective .n P^«^ 0 f the necessity of physicaUy 
Otc surgeon and anesthesio.og.st can be reheved ^ 

The mult.-chaiu.el .nteno^atof of electrodes as a 

ration ofthe cardiac output response. A. a>si , able tlec uode 

, ho weve, is conceive. ^^Z^ - * * » 

combinations, it a .mportan. that th.s m ^ ^ ^ , 

se.ecdve.y func.ion in a manual mode. ^ PP ^ 

switch, and a vagus nerve ^ ^ wh that an e.ccTrode 30 or 
electrodes electrically connected to a patient, s»- 
W combin,t.on3. - be "^Uy severed _ compriscs . puls e 

r* ;TrT^s" nerve stimulator units. Such 

generator 40 such as. but not hunted » GRASS ^ such 

Lelec^muUtor juries, bu,^ 

. a banery and regulator, a — ^J^U of timer circuits 
timer circuit, and a power amp.« The ^ ofsk «, in the arc 

and power amplifiers can be chosen from any too ^ ^ of 

The apparatus of the present tnvenuoo o of 
onip o,ar or bipolar outputs „ ^J^J^L cache varied 
iro p U ,se to be controlled by a foo. ™f range between about 
either manually or automa, ical.y. A«-~£ „ ^ range from a hou, 
, Hr and abou, 500 H, Preferred pulse am ^ ^ ^ 5Q 

0., vol. to abou. 100 volts, wtth amperage of from 

mA. fK r „ cn , m venUoo further comprises a cardiac 
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*i m , orcfcrrcd embodiment ihc cardiac pacer 60 is 

stimulator output is on The sottw ^ ^ 

s, in> u,a,or cao au.ontatic.Uy — " ^"l^ of vagal nerve 

— ^r™:^r— - ~ 

clcctroslimulalion. inis iccuu 

assembly 50 has a nonnally open ne. ^.^ of 

aesnmu.at.on foot switch that can be used * £*e ^ ^ 

fcand-operatcdsw.fches. tta^ ^ Elation and destimuUtt-on 
^ntocoonol^Ot^ ^;- othtr procedures This a.so 
occur while leav.og the hands free to P ^ ^ o , 

1 switcncsii ^i-ipwioe within Ibc housing. 

— «• - e,eOTW,c "T^s^ « <— » invasive SUIgc,y ' 

During open chest surgery or required. The 

Heart may be st.muLted ^ , ha> ^ * 

a prede-ermined time to perm., blood 0.w ttooug^ ^ surgeon to 

Cectros.imuUted via the vagus nerve Jb asysto ^ ^ ^ 
continue stitching. An alternate to P .^.^ swjtches 

assembl.es SO would be to prov.de , s.ng.c foot sw. lt u al&0 

octweon stimularion and desumul.t.on each ,une the swuc ^ 
30 contemplated .ha, automatic s.imu.a..on by means 

couWbeprovidedafterapresetumepenod ^ _ voice . a ct.va.cd 
ln ye , another embodunen l< precognition 

swi ,b can he used tha, .ncorporates commerc^ y^ ^ on 
software into a verba, control ^ Jo, such tha, whenever 
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jugular vein to stimulate the vagus oerv avascular 

catheter device known lo one of stall i - «» «" positioning 
Swan Can* catheter, the Up of wh.ch wouW a,dm pn£ ^ ^ ^ ^ 

ore or move .ntravenou, «o«M ^ „ Uk elecnod. means 

appropriate intravenous access hub ™^ £OnBecl0f . 

Sizing the electric,, energy needed » «*»« o{ 
Conned —en, Asysto.c. ^^^J^ tbe card,ac 
rhe vagus nerve by determmmg the feedback s.goe 
output monitor in response to nerve sumulauon. 

The present invention, as shown m F.gwes 2A ana p 

catheter device courses a shaft 100 havmg a ^ ^ 

• .v,,rtistal reeion 110 having an expandable eiecuu 

30 .pplyog an e.ectrica. pu.se ,30 ^^^^ witb a mu,, 
n-sof supp.y.ng-n supply ^ ,30 a.so has a 

channel connector means ,31. The eleclnc P ^ 1(W 

hubl32 attached dtereon to hoid , he U Tnc 
may further compose a handle ,0, ana ^ ^ 

J5 mtravascuUr catheter can be inserted J"*^^ ^ vlIve on *d 
sutured to a patient's sk.n near the sue of mscrtton. There can 
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sh ea,b .o .void Weeding. and .he ca.heter can be rotable within .he 
Cca,h 102 While no. wishing .o limit <bc mvcM.on. .he 

3SHl5iS. - -— - 110 '° an ekctrodc 100 is ' 

^ Ahhoug hi.i S eo«.e raP la. e d.ha..he dimensions of .he expandable 

' electrode means 200 will be se.cc.ed as a .unction of .he blood vessc. 0, C.her 
Z£T-*~ receiving 0. Cheu, and w*. .he = ~ 

, h . recipien, human or animal, i. preferred ea.bod.menu of U>e <MAfe 
T f ,he electrode will be be.ween abou, 1 cm and 15 cm. rnos. preferably 
, r^r^d.em. n.*—«»-»~~»>— 
about 0.5 and 5 mm, most preferably 1 mm. . , _ . nI 

The preferred lengm of .be inu.vaseu.ar ca,he,e, , depende. 
upon .he pom. of insertion of ft. catheter in.o a human or arnmal. When * 
catheter is inserted in me nee*, the leng.h of .he shaft 100 is between about 15 
„ TZ 7Z. preferably between abou. .5 cm and 25 cm. Hot subclavian 
lln ofacl.he.er, .he preferred length of the shaft 100 is between abou. 20 
cm most prefers between abou, 25 cm and 35 cm. For femor, 

tengm is between abou. 5 cm and abou, 25 cm. mos. preferably between abou. 

Cm,md Tc^r^orB^EU^, The expanding decode 
„ I0 0 shown in Figure 2 A is selected from a vanoy of pancrus and shape 0* 
esemb.e but are no, occessanly limited ,0. the ribs or s»ves of a ba.c. as 
n In Figores 3A-3D The elec.odc means are CectricaUy mdependen, of 

C8Ch0tbCr A preferred embodiment of *e expandable electrode means 200 
30 and the electrode expanding means 300 i. shown in Figure SA where^e 

electrode means 200 is a baske. ca.he.er electrode w.,h at least one xpandab. 

J5f ^ Preferred emhod.men, *. eapandab.e nb 20, 
•is 1 elecuTcally conductive wires. Thin wires am preferred w.h . 

: bleeo abou, 1/128 inch and 1/8 inch, mos, preferably 
-« A ,;,6 inch In another preferred embodiment, the expandable nbs 101 are 
" il,; Idlve ajftom abou, 1/128 .nch ,o abou. 1/4 inch wide, mo, 
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preferably from abou. MM inch .0 IM inch. In ye. another preferred 
—In. .he expand rihs N . are electricaHy non-cooduc, = w 
elec.rodes disposed .hereon, in a most preferred cmbod.men,. ,he e.ec neatly 
ZZ« -E or «n P is censed of a proxima, region m , co.ua. = 
203 and a d,slal region 204. wherein O* proximal reg.on 202 and *« cenmd 
region Z03 for™ a firs, angle and the cent,., reg.on 203 and the d«*l reg»n 04 
foL a second angle. Prefcbly the firs, and second angle, are between abou. 1 
Ltd abou. 180°. Mos. prcferab.y, the firs, and second ang.es are between aboo. 

plab,y. the ribs 20. are between . and abou. 4S in no.be,. 
more p«retab.y between 2 and abou, .2 in number, lo a preferred -bod-em. 
the length of .he expanded electrode 200 is be.ween abou. . and abou I - 
More preferably, the .eog* is between abou. 2 and abou. 6 env Thj ^ o 
the catheter before expansion is the diamete, of the cathete, shaft 200 and .s 0.5 
mm to about 5 mm, mos. preferably I mm. 

.„ one embodiment of me present invention, the centra, reg.on 203 
U electrically exposed, and me proximal region 202 and d.sta. region 204 are 
Ictrica.ly Luted. . ,h,s embodiment, the length rf d^«J-- 
cenna, region 203 is between 0.1 cm and about .0 cm. most prefemb.y b~e« 
, 0 5 and abou. 5 cm. The means of applying an e.ecU.ca. » 
preferably but no, limine to. wtres electrically connected to the expandable nbs 
ZO^c wires 130 « e.ecmcaHy mdependen, of one anothc, and pass through 
me shaft .00. Tne wires .30 and .re Cectrical.y connected to a mu.t.-channe. 
e.ectrica. connection 13.. as shown m F.gnre 2A. The electrode expand ng 
5 means of the preferred embodiment is a rod 3.0 capab.e of s,d.n E w.Unn 
mmenlSOofthesnaft.00. I*, rod 300 has a distal end 30. The expandable 
ribs201areatuchedlothemstalend301ofthcrod300. 

,n another embodiment of .he present invent.on. shown ,n F.gnre 
3B. the expandab.e r,bs 20, are arcuate when expanded. In . preferred 
10 embod.ment. the length of an e.ectnO.y exposed -ja. reg-on 203 of ta 
expanded arcua,e elecuode is between about 0.1 cm ami about 2.5 cm. More 
preferably, the range is between 0.5 cm and 2.0 cm. 

The present invention is intended .. include other forms of the 
expandable electrode such as. bu. not .United to. decides 206 cireumferenu.Hy 
M dt^osed coaxially around the rod 300. shown in F.gurc 3C. a hchx as shown m 
Figure 3D. In me circumferential electrode embodiment shown m F.gnre 3C 
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connection 131. as shown in F.gure JA. e<J once lhc 

m expancaoU - - ^ fey fc surge00 in *. 

«— • - ^ '° E ^ ; retralg the shaft .00 reUtive to 
prox.m.ry of a vagus nerve J^"' 0 " * ^..^nding Occtrode 

the dista. end 301 of «he rod 300. Th« «J ^.^^ ^ ^ , 50 of tbe 
me-ns 100 .ha, were disced aga.ns, therod 3 fixed tt the tip 

shaft ,00. »n another embodiment .he 00 In .his embodiment, 

3d and to the distal end 110 of *. rf shaft 10 „ wlll force me 

pania. reaction of the rod 300 tntojhe .omen U0 ^ ^ ^ 

Strode means ,00 <» ^^^c ^a, end l.Oof the shaft .00. 
when the rod 300 is extended re a^to ^ ^ 

thereby reducing the dtarneter of the rod 300 ^ 
ctheter electrode insertion " means 200 and expansion 

AltOT a,ive means of depmymen, of* ctoc ^ ^ ^ t , 

thereof are contempt by me „ sc* ^ ^ ^ 300 so ^ . 

pending the rod 300 fmm the *»»^^- may cxpan d outwards- 

0 he.Ka.e.ecrroderr^lOO.suchass^n^ electrodc device 

l0 yc. aoother embod.men. t ^ expandmg rorans 

«oMempU«dby-«pr«s«n.invemi2a^^ ^ of ,he «p.nd*.e 
l5 a sha pe memory .mp.anted «n J «^ . $ lectcd aB d imp.anted 
e.ccuodeZe, The expanded ^J^*^M £ ^s known to .hose 

of sl ciU in the art. The shape of * 0 f Figure 3E. arcuate 

..ectrode includes. M is not M to he angu< r ^ ^ 

ribs, a bc.ix or any other shape that wd P~v.de c ^ ^ ^ ^ 
carheter e.ectrode 2». and < he m ^ "J sp o nta „eous,y when the 
apical suture The etectrodc m~n ^ P J- A shape 

shafl ,00 of the catbe.e, ^7^^^ m«he retraction of said ** 

100 by preserving the length of the 

occurs. electrode expansion means of the 

(ii ,Ca<»«er Balloon EUaroa, An 
preS en. invention is contended to be an mftauMc 
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— — — r,rsrr.^- 

-^^^i 1 ^! the balloon can be orieuUd 
The metal fo.l smps or wtre, ^ 

reteti vc . ». - a., of the -^'ro"/^--.^ 
lonei — , circumferential. M J, ^ lhe tn.er.or waH 
provide eletfrica. con.ac, between the ^ ' would te electrically 

isolated from each other As ««* ^ rf ^ ca(he|cr 

.hove. «he electrodes are u,d,v,du.«y wilh the 

W,re electrodes may he ^ ofthe w irtS a^s, dte 

Un ow„ to one of *. in the art such as, bu, no, M ^ ^ 
or ro onome, .ha, is acceptah.e connected to 

oa.looo 400 may be comprised of a ««* « of ^ taUoon can 

. -ns of ^^^^e • one embodiment, ,hc bal.oon 400 
function as an expandable *«c«oo Utereon or a 

comprises a n.«b. e me»Uiefo.l w..h »» — P ^.^ 

means of applyio 6 an electnc pulse 207 including, bu, not 

The balloon is selected from a vanetyo p or 

""^x « « -« «» - r ~ 
„ , h . .,„ — — - * ~ ?zzz «~ « 

Prt»frrablv lhe dimensions 01 u« 
anatomical structure. Preferably. ^ 
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^ 2 ^T^nsvcoous —on of the vagus — with an e.ec,ode 

, 1 l.non a deliver ca.hete, may be used thai .s mutttply 
.nonn.ed on a ballon, a de^ J ^ av<)iding ^ 

fenestrated proximally ano oistany .« invention 

oosmtedon of Wood no*. The baHoon expanse means of the pnsen n 

izr; .. - — - «~ - - — - - •** * 

^ shown in Figure 4C. the 

z, »«. — •'•rrir r err— 

,s the expanded balloon is non-obstructive to the blood flow . u 

Legates that the inflatable balloon n-ay have a pl-Hty of nnsed nbs with 
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Ml partial*. .M*, or completely cava, *e. 

400. T»e present invention further contemplates ter *e exp 8 

means 20. may be any other MM. conducuve matet.a. 

e ^h,e e,ec J. .cans- ^"J^ ^ 

preferab.y . «o 24 in numbe. The decides 1 ^ , hc 

balloon , shown , *- «. «be elect-* 
arched to 0,e balloon so .ha. when Oc baHoon ,s ,n0.«d ^ 
prelected arran^ - . selt^g-en, by 

Led «o *e innatable balloon 400 bu. held « anacbed 

means of »« least one connecting, non-clectncally condt.ct.vc y 

caoJLrcll. electrode .can, as shown ^^^Hty o 
^eUa means comprises *~££j£ZJ- > — 

, expandable e.ecttode means, wherem each e ec^ode ^ ^ 

60. end electrical connected .o a means °<^''«™* e tlcclrodes 

" ^^"errrowntoo.s^in 
rerr^condnc.ive.0.^^ 
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s8m e ^.ion as *. Hbs of * » more P« 

3E Preferably, the spokes 601 number between 

^umbreUa — «* — » ^^ Itla .hereto. The spokes 60. 

c^ted to the piuraHty of radUUy J re £ p^y 

cooking tneans. ^"^^,oT^c «^ one .inking wire «M 
jol „ed .0 the sUdeab.e coll.. 603 and to a spoke 

_ in F.gure 5B. the s„deab,c co„ar 603 is V „, of 

of ^kes 60, Unking JN ^ so tha, . 

roo 300 and to the spokes ^J^ ^ „ one embodiment. 

!0 ovettays the wires or ttnp. » form .pro ec, ^ 

Unking wires 604 can ccmpr.se ^ ^^ lative ro * e rod 300. The 
By reacting the sl.dcablc colU. 60 aJUS of u»e 

radi ,„y disposed spokes 60, are P-<~^ ^ J attach e d ,0 the 
rod 300. Wires 605 attached to the ^ MJ relative «, Ok rod 

JS sfideabk coUar 603 and used to retmc. or extend the co 

r-srsTS: — — - 

When the surgeon has tmplanted J electrodes «,„ 

„erve. the tod 300 is extended to remove <*^™£* — • - *< 
fro m .he iumen ,50 of the shaft ,00 compnsmg ^ « ^ ^ 

luofmeb.oodvcsseiorother^tom.ca.stmcmre. 
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e.ecuode means Occupy connect o H« " „ f ^ vagus 

dir«, comae, with .he c*,enor surface of *e ^ ^ ^ ^ 

nerve can be achieved by due* access .o <h v,g ^ ^ 

«ck incismn. electrode means, shown .n 

^ Present — P"™*^ J mca „ s with a nerve. 
Figure, 6A-6C. for d,rec,.y conucung an 700 pivotall, secured by a 

pivot means 70! to a second 703 . ele cric.Hy connected 

5 fronting yaws. m one electfo de 703. is attached to 
lo . nteans for applying an e.ectnc pulse 7W ^ ^ 

the first electrieaHy non.onducnve member ^ 

eleclro des being compressive ^^hod-men, of the dip 

ner ve tissue, as shown in F.gure 6K* Y* » ^ , ^ 70S . 

Cecuode. a, leas, one e.ecmeal.y non-co^uc wjdl „ clectro<1 e. 

2S sh own in figures 6B and 6C. ^^ "Z invention, me decode may be. 

l »* Mm " SOf £j7: own in Figures 6B and 6C. a 
bu , is no. limited to. a concave fonn as ^ ^ , 

^ssiblecteuicanyconduenvema^^ ^1 or form 

wire, a strip, a wire mesh or w.re wool, or any- ^ ^ 

opposing grooves are ,n each «°^ d " an e , ec , ric pulse 704 to an 

embodiment*, .he preferred means ^ pp* • cwmcclor m 
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o.eans of supplying an elec.nc pu.se . ltafc*- ^^ricaUy 

sHown in Figures ™ and 7B to *• jj£ wire ^ „00 

ln on c embodiment the cuff dev.ee ato ^ fa RgBW 7A . ,„ 

capable of conforming*. *e surface of *« - „ sheel 

, another embodiment, .he e-ff dev,ce , ' «*™ * elettro de has 

partially or completely envelop a nerve, n ^ general. In ehher 

a „«ans 802 » e^neaUy eonn^J^ ^ ^ is electrical* 

embodiment *e surface of .he elee. rode . « ~ ^ ^ ^ ne£etsarily . 

exposed, while the opposite surface £ ^ ^ ^ anatomlcal 
5 elee.rie.lly insulated «o »vo.d eleetneal s 

struciures. , lh , cuff device, as shown in Figures 7B 

and 7C. the cuff dev.ee has an an<J , means of applying an 

■raversing channel 804 and a. least one «<«^ lne TOOS1 preferred 

20 e.ec.rfc pu.se 80Z - - ^ « t anothe, preferred embodiment. 
emb odimen,UKcle« ro de80 . prefefre o embodimen.. 

- *~ ~ MS " ' Td^c" device has a firs. elecuode 8.6 and a 
such as shown m F.gore ID. * elec irically isolated from each 

applying an electric pulse W>2- 

_ iovCT ,ioo provides electrode arrays 

Transdermal Array EleCrodc. me P limited to. a pad. 

^ported by a «-^J^SL * — * ^ " *" *. 
„ The pad can be adhes.ve and can be app. elcctncal 

^ of decodes is in ***** ^^ in|cfVening conducive gd. 
conduehvity between the electrodes » ^ amy 



-27- 



WO 01/00273 



PCTAJS0O/I7122 



sM5 cdto.ccon^a,cU,c n cc kre g.-of*=P-- w providc . 

The ,ranscu«aneous eleCrode y < imD | an ied in the palient 

ao jacen, ,0 .he nerve I. be st.mu.a ted^ AnJ^U P ^ 

electrode is grounded. A,K ™" ve ' y m ^ electro 6e S U grounded. 

The transcutaneous electrode array P wnerein 

Mention -V ...» be - - -i* ■ of the «■ 

, he anode and cathode e.eetrodes are l^d^n, ^ ^ 

Connection <o *« «6>* nerve sorna.a. o d-ee ^U ^ ^ 

.herein to sc.ec.ivCy detcrm.ne ,he ^ ^ v8gus ner ve. The 

maximum station of *e urge, nerve -no* p£er , ^ ^ ^ ^ 

r igu res g*-C fee delivering an ^J^^S^*. support 900 
electrode array device compnses an ^""^ ire electrify 

having a p.ural.ry of e^trodes ,01^ ^ ^ed lo a means or 

— rUtS- of Tetsaid ^ H. * - wire and *« 
„ supplying an elecme pulse 901, ^ ^ w , mu , u . 

plurality or wires — — Xni;— we support ,00 ma, he. hut 
channel connector 903. The deem > ^ „ , £ylinde r, and may be 

electrically non-conducl.ve support 900 ts » » conn ected to a 

- : r ."SIS— « - - - - 

means or supplymg an electnc pu se ^ |0 , „„,,,. 
30 ore Plurality o f u,ires are — — <>r.he decide « 

channel connector 903. In l«r.nrd J .„ g an electric pulse «B. 

device or the present mventioo. the means of ^.he, 

sh own in Ttgure « . . - — * 

embodiment, as in F.gure 8C - non-conductive 

„ traversing hole 904 to the outer edge 90 o ^ ^ ^ ^ a ^ „ 
support 900. Th,s connecting means m y be. bo. 
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• means 905 and traversing hole »04 weintoided 
a channel. The commun.cat.on means 90S ana 

lua „owea.sy placemen, of an dectrodeonapanenunect ^ 
, 0 ,he, preferred embod-m - 
clccmcanynon-conducve support 90O.S m a 1(1 aoolber preferred 

- - of erodes are ^"^^JLduc.ve support 900 
embodiment, as shown m F.gurc 8E, * » ^ exposed on 

is in , «ur,.enecMiVe configure and the of supplying an 

«- c.,h -ii.rtrod€ 901 is connected w> a racaiK> w 
one face .hereof. Each electrode 90 rf ^ ^ 

Cectric pu.se 902. ^'"^^^ ; a W ; ult ^ ann e,eonnee,or903. 
e.ectricai.yconne^eda.me.rproMma.end.^am^ lhe 

.-choftheemhodu^ms^. gs 
may be in a variety of shapes, such as c«c««. Jl 
Jhermore. the e.ectrode array can have ^^—W— * lo bt 

t0 . Ve,ro. straps or *^£Z£ZZL provides that an 
15 secured lo a human or ammal. Altera*, e y. . f - 8A . 

in naub,eco.,arcaohepos i , 0 nedone3ehof^^ huBUn or 

8E, ,ba, will allow .he noncooducuve support .o be 

— *■ , a,, embodiments of ,e Tra.de™. ^ 

about 1 .5 cm and about 10 cm. preferably between aoou bctwccn 
s ao .,c,p,ed that me length of .he non-conduc..ve 5 cm. In 

electrode. The electrode array dev.ee of the prasen ^ 
opUona. electncaUy conductive gc. .ayer and an op, onaU e«n » 
.Live layer ,o increase me efficiency of electa, comae, w,m 
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L n ,rn<les The present invention 
as described above, comb,** h - ^ ^ ^ mphageal tube 

Simi,af u „ aimuUtion of «he vagus nerve is .o access Ihe 

One approach w *« «•<" ,„ vein „„, 

„, jU8 u,ar vein wHh a nerve jong «* fengrh of 

pafall e, .0. and is imimaie.y ^ ^ ^ J^. ho weve, a.so .i« in 
L vein in rhe nee* of humans. T* e ,na,on,ica. a— - 
d0S e proximi., . *e »*» ^ elecUwJes ^ for srimu.aung 

ideally sui l cofor*c»oc«.onofc a «he,^^ ^ ^ there , 5 n0 

lhc vagus nerve. By access.ng he «*« ^ ^ Qr di „ cl 

* ' "* ,nCIS ':; .o.^ophagea.e.ec.rodesmaybe 
aunpca.iso.-ionof.hev^-^ , Q provide unipoi.r neura. 

agastric iube e.ecuode device^ shown g ^ ^ ^ ^ 
trachea, or nasogasurc «*W* « ^ ^ sai(J 

may he. is no. hmi^ «. a means 100} on said coHar .00^ 

J5 coliar .00.. a. teas, one expandable e^rode ^ ^ . $ 

cl e«rode n~ns 1003 is ^ ^1"— .hringof *e uachea. The 

^ s'^irconnec.d .0 a means of spying an 
decuode means !003 .s eiec 1005. 
ele c,ne P-« .004 and a n.uhi^hannel — ^ ^ ^ „ 

* dK ^rr^ "* conunrpU.es using 3 
Wng only an inflate coi ar. Tne pjesen ^ ^ ^ , 
ba l,oon. ombr.Ua. barrei or basRe. dM* J» » 9B The urobrella 
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,008 arc. but no, limited ,0. w,rcs. stnps o, any oU, ^ 

- ! in Fieure 9B has an endotracheal or nasogastnc rube 
electrode dev.cc, shown m Figure 9». n ^ 
l0 00. and a p.or.H.y of radiaUy d^posabie spo « «008 a 
spokes 1008 are ab.e to move radially away from the ng.d 

' naso ^c U is connected to the 

1 008areposU 1 oned P araUe,,othe l on 6 — ^ ^^^^ I01) 

— - ^ eleaf0 tLt:iToU IT. the n-be ,000 

, ube 10 »0 in the trachea accent to the vagus ne-. *es .* ^ 

^^^rrrrirransed iong—y relaUve tothe 

mJy * circumferential* arranged ,n a co» - «^le bal.oon or collar. 
T„e elecuodes may be spirally arranged around *e .n ^ „ 

■p. inflatable cellar may be inflated by the tnflanon means 10. 



35 a liquid. 
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The present invention also provides an endotracheal or nasogastric 
tube 1000, as shown ir> Figure 9C. Th.s embodiment provides for expandable or 
rigid electrodes which are substantially embedded within the tube roatenal to 
avoid living tissue irritation. The electrode means comprises at least one. and 
, preferably a plurality of. electrodes 1003. each electrode 1003 decimally 
eonnectcd to a means of supplying an electric pulse 1 009 to the electrode, 1003 
wherein the electrodes 1003 are exposed to the exterior surface of the robe 1000 
adjacent the distal end of said tube 1000. and wherein said means 1009 comprises 
wires The electrode means are electrically independent of each other. 
0 A preferred embodiment of the expandable electrode means and 

the electrode expanding means wherein the electrode means is a basket catheter 
electrode with at least one expandable rib. In a preferred embod.ment. the 
expandable rib or plurality of such ribs are electrically conducive woes. Thin 
wires are preferred with, thickness of between about 1/128 inch and 1/8 .neb 
1S most preferably between about 1/64 and 1/16 inch. In another preferred 
embodiment, the expandable ribs are electrically conductive stops from about 
1/128 inch to about 1/4 inch wide, most preferably from about 1/64 inch to about 
1/4 inch In yet another preferred embodiment the expandable ribs are 
electrically non-conductive strips with electrodes dispersed thereon. In a moat 
20 preferred embodiment, the electrically conductive wire or strip is composed of a 
proximal region, a central region and a disul region, wherein the proximal regron 
and the central region form a fir* angle and the central region and the d.stal 
region form a second angle. Preferably the first and second angles are berween 
about l« and about 180'. Most preferably, the firs, and second angles are 
25 between about 90" and about 1 20°. 

Preferably, the ribs are between 1 and about 48 in number, more 
preferably between 2 and about 12 in number. In a preferred embodiment, the 
length of the expanded electrode is between about 1 and about 15 cm. More 
preferably, the length is between about 2 and about 6 cm. The d.ame,er nf the 
30 catheter before expansion is the diameter of the catheter shaft and .s 0.5 mm to 
about 3 mm, most preferably 1 mm. 

in one embodiment of the present invention, the central reg.on is 
electrically exposed, and the proximal region and distal region are electneatly 
insulated. In this embodiment, the length of electfically exposed central regron ts 
35 between 0.1 cm and about 10 cm, most preferably between 0.5 and about 5 cm. 
The means of applying an electrical pulse are preferably, but not limited to, wtres 
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electrically connected to the expandable ribs. The wires are electrically 
independent of one another, and pass through the shaft. The wires aod are 
electrically connected to a multi -channel electrical connection. 

5 Method of inducing asystole by vagal electro-stimulation and CIA 
pharmaceutical composition treatment 

The present invention provides a method for the induction of 
cardiac asystole by the application of an electnc pulse or field to the vagus nerve. 
The CIA pharmaceutical composition provides a background pharmaceutical 
10 state wherein the impact of vagal nerve stimulation is potentiated and heart will 
not spontaneously escape from the electrically induced asystole. Throughout 
subsequent cardiac surgery, the surgeon monitors the heart function aod can 
selectively reinitiate the heart beat by means of a cardiac pacer device, slaved to 
the vagal nerve stimulator. This can also be performed automatically if the heart 
1 5 beat fails to resume within a preset time period. 

The present invention, therefore, provides a method of inducing 
and prolonging asystole by implanting a catheter or tube expanding electrode into 
a blood vessel, trachea, or esophagus of a human or animal or by applying a 
cutaneous electrode. The electrodes are positioned adjacent to the vagus nerve 
20 by the surgeon, and said electrodes are connected to the vagus nerve stimulator 
by means of multi-channel connectors and an output. At least one output from 
the stimulator is used, preferably two outputs, each connected to a separate 
clecrrode device. 

The surgeon adjusts the vagal nerve stimulator to deliver a first 
25 unipolar or multipolar electric pulse to an implanted cutaneous electrode and the 
output of the heart is monitored by the microprocessor. Random selection of 
electrodes is then followed by additional pulses until a maximum state of asystole 
is achieved. The CIA pharmaceutic composition that comprises an 
acetylcholinesterase inhibitor, a fl-adrenogenic receptor blocker and a calcium 
30 channel blocker, is administered before or after the initial testing. An electric 
pulse of optimum amplitude and frequency is applied to the previously selected 
electrode combination and controlled intermittent asystole, with minimal or no 
escape, results. Once the surgical procedure is completed, or predetermined 
point selected by the surgeon or preselected automatically by the vagus nerve 
35 stimulator, the heart is removed from asystole by a cardiac pacer means operated 
by the surgeon or by the vagus nerve stimulator. 

30 
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The above description provides certain preferred embodiments of 
Uk devices and methods of the present invention. However, it is understood that 
many modifications and additional embodiments can be routinely made ,n v.ew 
of the disclosure, and all such embodiments are intended to be encompassed 
within the spirit of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1 . A catheter device for delivering an electric pulse to a nerve, comprising a distal 
region and a proximal region, said distal region having a plurality of electrically 
independent expandable electrodes and an electrode expanding means, said proximal 

5 region having an electrical connecting means for applying an electric pulse to the 
expandable electrodes. 

2. The catheter device of claim 1. wherein the expandable electrodes arc 
longitudinally arranged. 

3. The catheter device of claim I. wherein the expandable electrodes are 
10 circumferentially arranged. 

4. The catheter device of claim I, wherein the expandable electrodes are spirally 

arranged. 

5. The catheter device of any one of claims 1 to 4, having from 2-24 electrodes. 

6. The catheter device of any one of the preceding claims, wherein each 
15 expandable electrode is an electrode selected from the group consisting of a wire, a 

basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

7. The catheter device of any one of the preceding claims, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 

20 and wherein when each electrode is expanded the proximal region and the central 
region form a first angle between about V and 180*. and the central region and the 
distal region form a second angle of between about 1° and 180°. 

8. The catheter of claim 7, wherein the first and second angles are between 90° and 
180°. 

25 9. The catheter device of claim 7 or 8, wherein each expandable electrode, when 
expanded, has a total length of between 1 .0 and 1 5 cm. 

10. The catheter device of claim 7, 8 or 9, wherein the central region is between 
about 0.1 and 10 cm. 

11. The catheter device of any one of the preceding claims, wherein the catheter has 
30 a lumen, and the electrode expanding means comprises a rod disposed within said 

lumen, and wherein the rod has a distal end connected to the expandable electrodes so 
that the catheter forms a sheath over the expandable electrodes and the rod. 

12. The catheter device of any one of claims 1 to 10, wherein the electrode 
expanding means comprises an inflatable balloon. 

35 13. The catheter device of any one of claims I to 10, wherein the electrode 
expanding means comprises a metallic shape memory means. 
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14. The catheter device of any one of claims 1 to 6, wherein each expandable 
electrode, when expanded is at least one arcuate electrode. 

15. The catheter device of any one of the preceding claims, wherein the proximal 
end of the catheter has a handle and a hub, wherein the hub is connected to the means 
of applying an electric pulse to the expandable electrodes. 

16. The catheter device of claim 12, wherein the balloon has at least one ridge 
thereon to allow the passage of fluid therearound, and wherein at least one expandable 
electrode is attached to said ridge. 

1 7. An endotracheal tube electrode device comprising an endotracheal tube having 
an inflatable means of expanding an electrode, and a plurality of electrically 
independent electrodes thereon so that each electrode contacts the tracheal wall when 
the means of expanding an electrode is inflated, and wherein the electrodes have means 
for connection to an electrical pulsing means. 

18. The endotracheal tube electrode of claim 17, wherein the inflatable means of 
1 5 expanding an electrode is a collar or balloon. 

1 9. The endotracheal rube electrode of claim 1 8, wherein the balloon has a ridge and 
an electrode on said ridge so that the electrode contacts the tracheal wall when the 
collar is inflated. 

20. An endotracheal tube electrode device comprising an endotracheal tube having a 
plurality of electrically independent electrodes thereon, so that each electrode contacts 
the tracheal wall when expanded, and wherein the electrodes have means for 
connection to an electrical pulsing means. 

21. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are longitudinally arranged. 

25 22. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are circumferemially arranged. 

23. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are spirally arranged. 

24. The endotracheal tube electrode of any one of claims 20 to 23, having from 2 to 
30 12 electrodes. 

25. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode is an electrode selected from the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

35 26. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 
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and wherein when each electrode is expanded the proximal region and the centra! 
region form a first angle between about 1° and 180°, and the central region and the 
distal region form a second angle of between about Tand 180°. 

27. The endotracheal tube electrode of claim 26, wherein the first and second angels 
5 are between about 90° and 1 80°. 

28. A nasogastric rube eJectrode comprising a nasogastric tube having an inflatable 
means of expanding a plurality of electrically independent expandable electrodes 
attached to an inflatable collar so that when the collar is inflated, the electrodes contact 
an inner surface of an esophagus, and a means of supplying an electric pulse to the 

10 electrodes. 

29. The nasogastric tube of claim 4 1 , wherein the inflatable means of expanding the 
electrodes is a collar or balloon. 

30. The nasogastric tube electrode of claim 41, wherein the inflatable means has a 
ridge and an electrode on said ridge so that the electrode contacts the esophageal inner 

1 5 surface when the collar is inflated. 

31. An nasogastric tube electrode device comprising a nasogastric tube having a 
plurality of electrically independent expandable electrode thereon, so that each 
electrode contacts a pharyngeal, esophageal, or gastric inner surface when the 
electrodes are expanded, and wherein the electrodes have means for connection to an 

20 electrical pulsing means. 

32. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are longitudinally arranged. 

33. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are circumferenlially arranged. 

25 34. The nasogastric rube electrode of claim 31, wherein the expandable electrodes 
are spirally arranged. 

35. The nasogastric tube electrode of any one of claims 3 1 to 34, having from 2 to 
24 electrodes. 

36 The nasogastric tube electrode of any one of claims 31 to 35, wherein each 
expandable electrode is an electrode selected fro the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

37. The nasogastric rube electrode of any one of claims 31 to 36, wherein each 
expandable electrode comprise a proximal region, a central region and a distal region, 
35 and wherein when each electrode is expanded the proximal region and the central 
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region form a first angle between about 1° and 180°, and the central region and the 
distal region form a second angle of between about 1° and 180°. 

38 The nasogastric tube electrode of claim 37, wherein the first and second angles 
are between about 90° and 1 80°. 
5 39. A catheter device substantially as any one embodiment herein described with 
reference to the accompanying Figures. 

40. An endotracheal rube electrode substantially as any one embodiment herein 
described with reference to the accompanying Figures. 

41. A nasogastric tube electrode substantially as any one embodiment herein 
1 0 described with reference to the accompanying Figures. 

Dated this 10th day of November 2004 

Emory University 

Patent Attorneys for the Applicant: 

F B RICE & CO 
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